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Lhe nucrocomputer Has aerived on the
educational scene. The combination of fow
vost and versatlity has meant that its appeal
is eclectic = administrators, teachers and
students can all justitv the modest outtay for
a variety of reasons, ranging from the
serious to the trivial, Thereis every reaspnto
expect that within a few short years, the
microcomputer will be as ubiguitous in
schools as overhead, slide and movie projec-
tors.

$3ut what wirl be its impact in the long
term? Will cost-conseious accountants find
that books are able to supply students with

o the same information at a fraction of the

LAY

cost, and without the possibility ot being
diver. :d into mindless arcade gume playing?
Or will education take on the magical guali-

OO vy of George Leonard’s vision in Education
oy and Ecstacy™ In my view, this depends o

the ingenujiy with which we esplore lhv.'

P possibilities in the new medium. On the und

-

LKoo Z£T77

hand, using the microcomputer to takv over
the tunctions that older techuulogies il
techniques hive performed satistuctonly
will be a selt-defeating exercise. Onthe other
hand, finding pew tunctions which could
not be performed in the past holds e
potential of opening vistas i the lulute
which are unimagined i the present.

in this article, 1 shail be exploring one
possible function for the mictocom suter in
education, This new tunction arises from
the constructivist view of learning which |
revently discussed in this journal;?itis a view
which explains the now well-documented
finding that all students bring to the science
classroom surprisingly cxtensive theories
about how the natural world works.’ 4 As
Champagne, Klopter and Gunstone® have
pointed ont, these theories (which they call
*alternative conceptual systems’, Driver®
calls ‘alternative frameworks’, and which |
shall refer to as *alternaive coneeptions'?)
have some interesting characteristics:
@ they are often held by students who have
had no formal instruction in the subject:
o they are often significantly different
trom generally accepted views of the sub-
ject;
@ they arc consistent across ditferent
groups; ar 4
@ they are surprisingly resistant to change
as a result of traditional instruction.

Q  Aore specifically, | shall be considering it

ERIC
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a microcomputer can be used to diagnose
whether a student holds a specitic alter-
native coneeption and, if so. to provide
remedial instruction based on a model of
learning as coneeptual change which will
ussist the student to change his or her views:
In the test of this article | shall:
& discuss current usage ot microcomputers
in science instruction;
& review the relevant literature on alter-
native conceptions, with particular atten-
tion to the coneepts of spred and foree;
e outline a theory of conceptual change
which suggests how to dusign instruction
aimed at replacing aliernative conceptions;
¢ describe microcomputer programs
designed to disgnose and ramediate sotne
alternative conceptions of speed and foree;
¢ outline the results of using these pro-
).ldllh with first year unlvcrsuy students;
and
® ~ununarize the outeomnes of the paper.

Microcomputers in seience fnstruction

Microcomnipulers have a number of cons
sihetable advantages over many of the other
wdinational media presently in use.® Firstly,
stiddenits van intgract direcily with a micro-
computer. Thus, provided the software re-
quires 1t of them, stuclents play a very much
more active role in learning than with other
media. Secondly, students can getindividual
attention for their specific difficulies from
the microcomputer. Thirdly, microcom-
puters allow students 1o control the pace at
which they work, so that a student who is
having dufficulty with one particular section
of work can take the time needed to master it
betore moving on to the next section.

Microcomputers are currently being used
in a number of ditferent ways in science in-
struction at both secondary and tertiary
levels,? all of which make at least some use of
their specific capabilities.

Numerical work

The ability of the microcomputer to per-
form nuinerical calculations rapidly and ef-
fictiently allows students o investigate the
scaenufic rather than the athematical
aspects of equations by eliminating tedious
calculation.  For example, introductory
physics courses are generally restricted to
those problems for which the laws of motion
can be solved analytically. This restriction

2

can niow be removed, sinee iterative solution
techniques are casy to implement on a com-
puter.,

Dindl and tosting

The capability of storing many guestions
in a data bank, of varying the type and con-
tent of questions asked, of asking many dil-
ferent questions in a relatively short period
of titne, of recording and evaluating student
responses, of being able 1o give feedback
based on the student’s response and of being
readdily available, makes driil and testing ob-
vious functions of a microcomputer in
science instruction

Tutorial

The microcomputer cannot compete with
a book purely in the presentation of infor-
mation. When its interactive capability is,
however, combined with the presentation of
information, programs with carefully
designed questions aad branches which
allow a student to take different paths
through the matesial, can involve hitn or her
far more actively in learning than a book
van. Thisadvantageis particularly enhariced
when dynamic graphics are used.

Simulation

All too frequently. real world experiences
are difficult to repeat in the laboratory, are
too complicated for introductory students
to analyse, happen too rapidly to be seen,
vian only be observed using complicated in-
strumentation which obseures the desired
phenomena, or are otherwise uncxamin-
able. The ability of the microcomputer to
simulate this type of phenomenon atlows the
student to expand his or her rangc of ex-
periences greatly.

Real time use

Scientists have interfaced computergwith
their experiniental apparatus for icars.
Thompson, however, points out that this
capability can bring experiments which are
normally unavailable
laboratory

As Bork points out, the microcomputer's
capability of individual response ineans that
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it can play 1he role of a Socrane tator, hy
leading the student through o senes of
carefully stiuctured questians which e
responsive 1o his o her answers, 7

These are exciting possibilities butas Rork
indicates, they represent the state of the art,
rather than a final definitive hist. There are
likely to be far-reaching conscyuenves ton
courses, curricula and institutions asaresult
of current and future developments in both
computer hardware and software. There is
much to be fearnied about how people learn
and about how to incorporate this mto the
design of instructional software.

Alternative conceptions

As 1 have outlined elsewhere,'® the occur-
rence of alternative conceptions is cunsistent
with two other ideds which are of particulu
importance in sudence education today.
Firstly, people \m 1o make sense of their
experience.  Secondly, people use the
khowledge they possess in their attempts to
make sense of their experience, Thus, as
dircet result of the above two ideas, in-
dividuals from different buackgrounds, has-
ing different experiences and knowing dif-
ferent things, are likely to construct alter-
native coneeptions from the same informa-
tion.

The significance of alternative concep-
tions depends, among other things, on the
large nimber of different alternutives in dif-
ferent content arcas which have been iden-
tified to date, the cansiderable number of
students who hold them, and, more ten-
tatively, the suggestion that environmental,
linguistic and cultural factors plav a part i
their oecurrence. Researchers from various
countries have dovumented alternative con-
ceptions in topies s diverse iy vectors,
kinematics, dynamics (including triction,
gravity, energy, momentum and pressure),
heat and temperature, eleetricity, light, den-
sity (ineluding mass and volume), the par-
ticulate theory of mater, the earth as a
casmic body, evolution, heredity, the eir-
culatory aystems and life. For example,
dynamics and Kinematies have been review-
ed by MeDermott,* and heat, temperature,
light and clectricity by Tiberghien.!2 A more
extensive, but fess detiiled, review has been
provided by Driver and Erickson.!

At a recent international semitie on
‘Misconceptions in Sawence -uand  Mathe-
matics’, more than SO papers were presented
on topics in physics, chemistey, biology and
mathenatics.? The interest engendered by
the seminar, which attracted participams
from many countries, and the extent of the
list given above are just two indications that
alternative coneeptiony are s tactor which
can no longer be ignored in scaence educa:
tion today.

An alternative eonceplion of spreed
The alternative coneeption of speed con

T‘ dered in this articte was first identified by
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Trowhtidee and MeDermat* in the coure
aof dosssiennitie stsly o the wass in which
students thank about moton. By using ap-
paratis which ablowed then to demonsiue
the sime motion repeatedly, they assessed
under-tanding of students® concepnons of
speed by the degree to which a student sue-
cesstully applied thisconceptionto theinter-
pretation ol these simple motions of 1eal ob-
fects. More specifically, they found that,
before insttnction, ar least 30% ot all
students enrolled i a wide variety ot -
ttoductory physics eourses at the University
of Washirgton were unable to compaie the
speeds of two objeets satistactorily, In
general, these students used a Cposition’
criterion for determining when two objeets
were moving st the same speed. In other
words, when two objects were next to one
another (e at the same position), the
students said that they were moving at the
sime speed. Conversely, they also conclud-
ed that when two objeets maintained acons-
tant separation, they were not moving at the
samie speed. A possible “yeason for the
plausibility of this conception arises from
the fact that sometimes, such as when two
cars travel nest 1o one another on the
freeway, the position eriterion will give the
right answer. In other cases, such as when
one ear overtiakes a seeond, it does not. One
of the microcomputer programs deseribed
below was designed 1o address this alter-
native coneeplion of speed.

Alternative conceptions of force

Rescareh into alternative coneeptions of
torce hus shown that they form i complea of
interlocking ideas which are far more en-
tended and pervasive than is the case with
the alternative coneeption of speed con-
sidered alane, For example, Watts3 outlin-
ed cight distinetive alternative conceptions
of foree. Inorder to keep the number of pro-
Erams to mansdgeable proportions inthe tirst
INGHICE, 10 Wiy necessary 1o consider only
those altermatives which were most
prevalent and therefore most likely 10 catise
difficulty i first yean physies.

The myior alternatiy e coneeption which
wits contsidered is centied on the coneept of
toree s the cantest of 4 vonsideration ol
monon and its crses. The essence of this
voneeption s that e foree v necessany
whenever moton v present. Viepnot?®
found that i student hotding this conception
would use the veloay ot an object, rather
than s acceleranion, to deduce the presence
of torces. Her results indicatgd that the ase
ol this conception was dependent on the
cantext of the gyestion which was asked. 1f
the total motion of th? objeet was given, s
use was Bitt more prevatent than i students
were piven an eqisition of motion and ashed
to caleulate the force. She catled this the
ssupph of foree’ noton, i, 'the toree ma
body winch keeps 11 moving’. Clemant'?
cummarized the same idea as "motion im-

Lol si Juwsneary (984

phies a toree’, noted that this fforee’ wans
more hkely tobe used w hest there wasan ob-
vious opposing toree, and that students
thought it would *dic out’ o *butkd up'm
order to account for changes inspeed. Waltts
drew i distinetion between o coneeption
which the motion iselt s the toree, typreally
expressed as Cthe toree of the moving
obijeet’s imd one in which the foreeis exter-
nal to the moving object, bt wirhout being
idemtitied with any other object. He has
paraphrased this kater notion as toltows: 't
a body is moving there is i foree acting upon
it in the direction of the mosement. I a body
is ot moving there is no koree acting upon
it.'

Another ispect of the alternative coneep-
tion of ‘motion implies a foree’, about
which Viennot, Clement and Watts have adl
agreed, is the trequent<ack of a distinetion
between foree and energy. For example,
Viennot commented that energy in many
situations ‘is inextricably mixed with the
coneept of foree in a single undifterentiated
complex’, and Watts claimed that for some
students toree is enerpy.

Maotion s of interest because many
students regard it as a foree, bt in the
Newlonian sense it is not. In contrast, the
reverse is the cise with two other concepts —
gravity and friction, Many studenis do not
reaard them as forces, although in the
Newtonian sense they are. Although there
his been some research into this
question, ¥ 2 the reasons for this are
speeulative. It seems, however, that some
stidents tend to think of forees s associated
with active agents such as people or
machines.2! The corollary 1o this is that they
find it hard taconceive of passive dgents ex-
erting a foree, such as it table everting a foree
on the book which it is supporting. Gravity
and friction are likewise not regarded as
forees beeause they aie due 1o passive
agents, This is most clearly shown by
students who feel there is noneed to provide
any explanation of why objeets fall to the
ground, ot why mosing objects slow down
s they move actossasurface — they egard
them as natural oecurrences.

A madel of conceptial change

ln this stndy the guestion ol how a
mictocomputer can mahe expheit use ot an
identified alternative conception m remedial
instruction was addressed by thinking of
featiing s i change m astudent’s congep:
tion. From this point ot view, learning in-
volves an mterachion between new and es.
isting vonceptions with the outcome bemg
dependent on the nwture of the wteraction.
I these conceptions can be reconciled,
leitrnmg  proceeds  without problem. I,
howeser. thes cannot be reconciled, then
Jearnmy reqaires that esisting conceptions
be resttuctired o even exchanged tor the
new. the recogmtion that chinge ol this
nature may hase to oceur forms the basis of
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the modc! of learning as coneeptual change
which we have developed 0 2

The modet of conceptuat change outlines
the conditions which a new conception has
to satisty before it can be integrated with ex-
isting knowledge. Three questions must be
asked of each conception:

@ Is it intelligible (? Does the person
know what it means? Can he or she con-
struct it coherent representation of it and see
that it is internally consistens, without
necessarily believing it to be true?

o Is it plausible (£)? In addition to being
intelligible, is it also true? s it reconciluble
with other exiving conceptions? Is it how
the world really is?

o Is it fruittul (#)? in addmon 1o being
plausible, is it useful? Does it clear up
anomalots results? Does it suggest further
experiments or new approiches?

The answers to these three questions are
used to determine the status of a question —
no status if all three answers are negative;
status £ if the first answer iy positive; status
1P if the first two answers are positive; and
status JAF i1 all three answers are positive,

Aecause conceptual change can oceur only

when status changes, thie next question to
consider is: how does status change? It does
not change spontancously. Itislowered only
if there is cause for dissatisfaction, and it
rises only if sources of dissatisfaction are
removed and some advantage is gained. In
other words, the suceess of a microcoms-
puter program designed to effect conceptual
change depends, in part, on the extent to
which it is able to make astudent dissatisfied
with the conceptions which he or she holds.

Effecting conceptual chunge with

. Thc implications of the conceptual
change model for addressing alernative
conceptions are straightforward. Thesc are:

{) Diagnosis. It is necessary to hnow
whether or not any given student holds the
alternative conceptiot under consideration.
This can be determined only by using a
diagnostic test.

2) Remediation — the lowering of status.
The model indicates that it is reasonablc to
assume that a student holding a conception
does 0 because its status is at least /P, {f,
however, this conception is irreconcilable
with a new conception which is to betaught,
then it is impossible for the status of the new
conceplion to rise to /Puntil the status of the
existing « onception falls. tn other words, it
is necessary to address the old conception
with the explicit intention of creating
dissatisfaction with it, thereby lowering its
stalus.

3) Remediation — the raismg of status,
Teachers have always put considerable ef-
fort into explaining new ideas. fn terms of
the model, this will always be necessary in
ordcr to mahe a new idea intelligible to the

tn addition, however, the model

l: MC adent. \

A Fuimext providea by R
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stigpests it it is necessiary 10 show that the
new conception is a better option than the
old, because it does what the old could not
do and more. In other words, it is necessary
10 raise the status of the new to IPF, or at
least 2.

‘The ability of the microcomputer to allow
a student to interact actively with instrue-
tional material and to follow an in-
dividualized path at his or her own pace is
very useful in designing instruction to
achieve the three stages outtined above. For
example, the results of the diaghostic test
will show whether the student holds an alter-
native conception whose status needs to be
lowered. On this basis, the student can be
directed 1o specific remedial programs
which can be worked through as and when
required. in addition, the ability of the
imicrocomputer to sitnulate motion is par-
ticularly useful in the work described in this
article, because of the centraf role which
motion plays in the alternative conceptions
of speed and force which | outlined above.

A inicrocomputer program on speed

The programm was designed to diagnose
students who used a position criterion for
comparing relative motion, and to provide
remedial sequertees whose aim was o per-
suade these students to change to an accep-
table criterion. It is clear that this is a
relatively unimportant alternalive concep-
tion which is simpleto identify and relatively
isolated from other alternatives, and which
many students correct for themselves, It
was, however, ¢hosen for the following
reasons. Firstly, the position criterion seems
to be the only plausible alternative.
Trowbridge and McDermott** comment
that ‘virtually every failure to tnake a proper
comparison can be attributed to use of the
position criterion to determine relative
velocity’. This makes the remedial task
significantly casier. Secondly, if we arc able
to diagnose and remedy a simple example
such as this using a microcomputer, it ought
to provide us with guidelines for tackling
alternatives which are more signifizant and
more complex.

Diagnosis

The diagnostic stage consists of six dif-
ferent races in cach of which two ‘cars’ move
from left to right across the screen. The stu-
dent records aresponse by pressing a control
button in accord with the instruction: *Press
the button when you think the two cars ate
moving at the same speed.’

The races, which include the two used by
Trowbridge and McDermout, were designed
on the basis of their ability to distinguish
between the correct and position criteria. In
other words, there are no oveasions where
both carsare moving side by side at the same
speed. In addition, other factors such as ac-
celeration and deceleration, whichaffect the
perceptual appearance of the races without
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Fig. 1. Sununary o1 wask set by first diagnosiie
progrant (DG 1): What forces (nantes, directions,
comparative inagnitudes) are acling onthe rmks.l
al points A, B, Cand D?

changing the essential components of the
task, are varied. The use of six races is
necessary to allow for possible iistakes and
to provide a greater assurance that the
diagnosis made is the carrect one..

Remediation

In the program the two aspects of the
remedial stage are combined in two furth.r
races which were designed 1o lower the
status of the position ciiterion while at the
same titme introducing the correct criterion.
This was done by considering two extreine
cases which introduce perceptual anomalies
for a student using the position criterion. In
the first case, ohe car remains in thecentre of
the screen, clearly not moving; while the
other travels past it at a constant speed,
cqually obviously in motion. The race clear-
ly pinpoints the anoinaly by showing one car
moving and the other stationary while at the
same point. {n the sccond case, both cars
travel at the same constant speed across the
screen, with the distance between them re-
maining constant, i.c. they do not pass onc
another. This race shows that two cars do
not have to be at the same place while mov-
ing with the same speed, and at the same
titne introduces the correct eriterion of the
constant inter-car distance.

Results of program use

It is possible tor a studentin onesession of
20 minutes to werk through the diagnosis
part of the progiam and, if necessary, to do
the remedial work and repeat the diagnosis.
It is casy, theretore, to gather dataon theet-
feet of the program itself, as upposed to
other possible influences on student
responsés. The responses obtamned trom 85
students in a first vear physics course at this
university [Physics #J1)] are representative
of the results which the program van
achieve. A total of 23 students could not
judge speeds correctly. Of these, {4 worked



E

South African Journul of Science

- ™

. Table 1, Correet (Chy ‘powtion” (P) and tandom (X) scores of T Physics 1) students in Februay

1983,
P . CPX seore Change in seores
Student Before Al AC AP AX
A 064 403 +4 -6 +3
B 431 502 +1 -3 +1
< 204 222 0 +2 -2
D 251 433 ‘ 42 -2 +2
E 241 $00 +3 -4 ~1
F 240 600 +4 -4 0
G 214 s01 +3 -1 -3

through the remedial part and repeated the
diagnosis, and 10 out of 14 changed and
were able to judge speeds correctly, Even
without a full-scale evaluation, it is possible
to sec- that the program is doing very
satisfactorily what it was designed to do.
Itis necessary in interpreting the results of
students who did not respond correctly to
note that the data is gathered in the form of
correct (C), position (P) and random (X)
responses to the six diagnostic races,
Because it is possible to make more than one

““"type of response to a given race, the total

number of responses may be more than six.
The C, P and X scores of 4 representative
group of these students before and after do-
ing theremedial program are shown in Table
I, together with the changes in these scores.

It is clear that there was a - abstamial in:
crease in the number of C scores, and 4 cor-
responding decrease in P scores, with some
of the individual changes being particularly
striking. Thessignificance of these changes is
strengthened by considering that students
were ot shiown which were the correct

points in the diagnostic races, but were
simply shown the procedure which they had
to apply for themselves. In addition the
same students were asked a few weeks later
about their responses. Those whose
responses had not changed immediately
after the program were still confused. One
response here was that cars would move at
the same speed ‘when their speeds remain
constant, and when-they travelled together
(side by side)'. Conversely, those who had
changed, acknowledged their change, and

"could expiain how they now judged equal

speeds. For example, one student said he
‘made a mistake the first time by taking the
point where they pass each other as the same
speed’ and would now look for ‘when they
keep more or less the same distance apart”.

Microcomputer programs on force

The programs were designed for students
who believe that moving objects always re-
quire forces to keep them moving, who con-
fuse force with related concepts such as
cnergy and moimnentum, and who think that

Vol, 80 January 1984

forces are due 10 active agemts and are
theretore uncertain about gravity and fric-
tion. In order to address these ideas, it is
necessiry to be able wo diseuss a prototypical
force about which there iy likely to be
general agreement. The most cominon
prototypes are probably human pushes or
pulls, but they suffer from the problent that
they are generally variable in inagnitude and
of short duration. The force exerted by a
rocket, however, is clearly an active foree,
and it is easy (o imagine how to control the
magnitude, the direction and the duration
of the force. As a result the rocket is a ¢on-
stant theme throughout the programs.

Diagniusis

The diagnostic progrims were adapted
from atask vsed by Clement. " in which he
asked students to consider the forces which
acted on a coin that was thrown vertically
upwards. More specifically, he asked them
to name the forces, to show their directions
and to compare their magnitudes atter the
coin had feft the hand, and while it was still
moving upwards. Clement found that this
task evoked the response that there was an
upward force from 70% of a group of
engineering students who had completed a
first course of university physics. Qu a
similar task, 33% of the first year physics
major students at this university gave the
same response after completing the section
on mechanics. In otner words, it is a good
task for idemtitying students who hold the
alternative conception that ‘motion implies
aforee’. )

The first diagnostic task (DG 1) simulates
the motion of a rocket which takes off ver-
tically upwards. After a short while, the
engine cuts out and the rocket continues to

Iypeal Laiples Newtoninin fape ot Faunples "Motion hee’
ot voistdviad exphingian nmolton wiliadered explinatnon
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(IS . R
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Fig. 2. The Newtonian explanation of three types of motion con-
sidered in first remedial program (RM 1). All rockets move front
left to right. Arrows in brackets show directions only, and not
(€] magnitudes.
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Fig. 3. The ‘moijon force' explanation of three types of motion
considered in second remedial progrant (RM 2). All rockets move
from left to right. Arrows in brackels show directions only, and
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move upwards but now slows down until it
stops, betore falling back tocarth, Students
are asked to consider the forees acting on the
rocket it four points — after take-off,
before and after engine cut-ont, and before
the rocket stops moving upwards, At cach
point they are asked to name the forees ac-
ting, give their direetions and compare their
magnitudes. in addition they are asked
whether the same forces are acting at suc-
cessive points, and if so, how their
magnitides compare. Thetask is suminariz-
ed in Fig, 1.

This task was designed to answer the
following questions: What types of guan-
tities are regarded as forees? In particular,
does the student regard gravity and motion
as forces? With respect to magnitudes, is the
largest force necessarily in the direction of
motion?

The seccond diagnostic task (DG 2)
simtlates the motion of a rocket travelling
horizontally on a track which can be cither
rongh or smooth, i.c. frictionless. The
rocket starts from rest, speeds up until the
engine cuts out, and then cither slows down
(Part [) or vontinues moving at a constant
speed (Part 1), depending on whether or not
the track is stnooth. In a further option on
the smooth surface, the engine does not et
out, but instead reverses its direction so that
the rocket slows down, stops, aindmoves off
in the opposite directiot. A~ betore, the
students are asked to pame the lorees, une
their directions and compare then
magnitudes at difterent points while the
cngine is on and atter cut-out or direction
reversal. This task was designed to gather
the additional infortnation of whether
students regarded friction as a force and
how they related forees to a constant veloci-
ty motion.

Remediation

The remedial progranms ase Viennot's
result that the foree conception which a stu-
dent uses depends on the context in which
the task is set. In other words, there are ex-
amples where there is general agreement tha
a prototypical foree is asing. The overall
aim of the remedial programs is to establish
what effect ~uch a prototypical force, or
combination of such forees, has on the mo-
tion of an object. Once these effects are
established, the argument is turned around
and they are used to determine what forces
might be acting on an object whose motion
is given. Included in these motions are those
which give rise to the alternatis e conceptions
discussed above, so that the confhicting ex
planations can be compared.

The first remedial program (RM 1) was
designed to establish the ctfect that pro-
totypical forces have on the motion of an
object on which they act. For the reasons
discussed above, rocket engines were used 1o
excrt prototypical forees, and for simplicity

‘otion was restricted to one dimension, By
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using combinations of simple constant-
thrust rockets which can be cither on or off,
-oract to the left or the right, ditferent resul-
tant forees can be obtained. Within these
constraints, the effects of forees van be
deternmined in qualitative terms, i.c. a foree
acting on its own, or the resultant of a
number of forces, is ableto aceelerate (speed
up) an object which' is cither at rest or
already moving; and iy able to decelerate
(slow dlown), stop and change the direction
of a moving object. As important as these
effeets is the converse: when no fc ceor 4
sero resuftant foree acts on a moving object,
the object continues to move with an un-
changing velovity. These results are sum-
marized in Fig, 2.

The second remedial program (RM 2) was
duesigned to address the alternative coneep-
tion of ‘motion implies a force’. Some
characteristics of such a ‘motion force’ are
tirst established using an example par-
ticularly likely to evoke this conception: an
object moving with constant vclocity
without any obvious force in thedirection of
tmotion. In particular, the idca is established
that if the ‘motion force' exists, it is
reasonable to expect it to increase with the
speed of the object. After considering the
uncontroversial example of an object which
iv specding up, the crucial example is
presented. An objeet is shown to be slowing
down under the action ot a rochet firing in
the reverse direction to that of the ‘otion
The direction of the resultant of

1ochet toree and motion foree depends on
therr relative magnitudes, and since by con-
sidering an object which is moving fast
enough, it is always possible to have a mo-
tion force larger than the rocket foree, there
tmust be a case where the ‘resultant’ is in the
direction of mation, while the object is slow-
ing down. These results, based on the same
three examples used in RM 1, are summariz-
vd in Fig. 3.

The last result, however, contradicts what
happens when only prototypical forves act:
i.c. it is designed to lower the status of the
‘motion force’ conveption. The process is
carried on by showing that a *motion foree’
on its own is unable to have the samwe etfect
as a prototypival foree; i.e. to change velovi-

_ty, and finally the fact that a moving object
is different from a stationary object is
recognized by differentiating the toree itself
trom the motion produced, and calding the
latter momentum rather than motion foree.

The third remedial program (RM 3) was
designed to address the alternative coneep-
tion that passive agents, such as gravity and
friction, were not forces. By using sinmlar
examples, and allowing the student to ex-
pediment with motions in which gravaty and
friction coudd be switched on or oft at will,
he or she was shown that these two vould be
regarded as forces, because they were ablero
produce the same eftects that prototypieal
forees did.

6
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The responses made by siudents who have
used these progriums have provided answers
to many of the questions posed above.
These answers are, howeser, tentative and at
this stage specific to Physies 111 because
trial versions ot the programs were used, and
they need to be revised. [n addition, the se-
vond  dingnosne program (DG 2) was
available only well atter the mechanics see-
tion of the course had been taught. Thus,
because a considerable amount of time in-
tervenied between the use of different pro-
grams, it is impossible to attribute any
specific effect to them,

What types 3t quantities do Physics 1(31)
students regard as torees? This can be deter-
mined from the diagnostic programs which
requite students to type in the names of
forces acting. Within the context of the
rocket tasks, the responses to DG 1 oin
Febiuary 1983 show five main types of
force, only three of these being Newtonian,
These three were gravitational foree, fric-
tional forces (e.g. "friction’, "air resistance’,
‘drag’) and rocket thrust (e.g. "propulsion’,
‘engine’). Both of'the other types were close-
ly related to Viennot's ‘supply of foree’ and
Clement’s *motion implics a force’ notion.
On the one hand was the idea that the
property which the rocket had because
of its motion was a force. ‘Motion’,
‘momentum’, mertia’, inner foree’,
*kinetic energyt were examples in this
category. On the other hand, termis were us-
ed which were more descriptive of the mo-
tion; c.g. ‘speed’, ‘terminal’, "acceleration’,
‘upward’.  In August 1983, the same
categories of response were made to DG 2,
although as is shown later, the frequency of
the non-Newtonian categories was much
lower. These changes are consistent with
responses to i question asked in DG 2, *Are
there quantities other than forces which af-
fect the motion ot a rocket?” A sighificant
number of students listed *momentum’ or
‘inertia’.

A number of more speaitic questions, all
of which require yos /no answers, are given
in Table 2. The number of siudents whose
responses enabled an answer 1o be given s
listed, together with the percentage of the
group who gase a "yos' answet.

The responses to gquestions Tand 2 show
that Physics KJ1) students have hittle dit-
ticuhy in dentitying the “passive” guantities
of gravity and friction as forces. This con-
tirms the pittein ot responses to the more
genvral question discussed above.

Question ¥ b motionaforee? Thisdeas
much more prevaleat, with more than 6%
ol the class ¢oncurring at the stat ol the
veir. As the year progressed, with studenis
warking through the remedial programsand
atending coarse fectures an the topic. this
pereentiige dropped signiticantiy 10 30%.
Whide this is sull got satistactory, the fact
1hat the responses were made 1o i range of

i
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Table 2. Stadent responses 1o varins quesions o dy o mpercentage of asaibable group
agreang and disagreeinyg sith guestion.,

Yoo
Question (%)
Lo Ingravity a Toree?” 8%
2. ds Iriction & toree? 98
3. Iy motion a loree?
(i) vl al. . 63
(ii) v—;ual. v
(1) v~ 24
V) v=iu = 0, 21
4. Do thiust inctease with speed
(i} when gravity opposes motion? 34
(i) when foiction opposes maotton? oR
{ii1) when no force opposes motion? $3
5. Is larger force n dirn. of moton?
(i) vt al. * R
Q) v—ia—. 41

No Group
(%) NS Souree Date
12 127 el 2:X3
< 79 DG XD ¥ X1
17 76 DG I 2/81
61 122 Class tesl 1K1
76 70 DG AN R-K¥3
n 75 l_)(i 2011y R/R3
46 76 DG 2/81 ¢
12 66 DG 2(0) X8
47 13 DGAID 883
18 28 NGt 2 8
57 21 DG 2(1) R/83

different tasks, both pencil-and-paper and
compiterbased, suggests that a genuine
change has oceurred. This, howeser. needs
to beconsidered in relation to the next ques.
tion.

Question 4; Does rocket thrust inerease
with speed? This is a clear expectation of the
‘motion implies a foree” view, whereas it is
not a crucial question for Newtonian
mechanicsin which increasing, constant and
decreasing rocket forces can all produce a
speed inerease. The diaghostic programs
clearly stated, howeser, that the rocket ex-
erted aconstant thrust, so the fact that more
thin 50% of the available groups of Physies
1(J1) students consistently responded atfir-
matively to the question indicates that the
lower percentage of students who state thal
motion is a force mus: be regarded cir-
vumspccﬂy. Of relevance are the following
points. Firstly, question 3 was addressed cx-
plivitly in remedial programs whereas Ques
tion 4 was nol. Secondly, the contewt-
dependency of students’ answers 18 shown
by the larger percentage who thought that
rocketthrustinereased with speed when tne-
ton was present. Fmally, 8 out of 10
students who changed their responses when
triction was present did not think that mo-
tion was a foree. In other words, the rela
tionship between responses to Questions 3
and 415 not obvious and needs turther con
sideration,

Question §: Isthe larger toreew the diree-
tion of motwn? Reponses to this guestion
vould be grven only by students who had
already shown that they required actoree” in
the ditection of motion.  Amongst  this
group, there was asubstantil drop i atfie-
mative answers  Lhis may be a response to
the second remedial program (R 2). which
wits destgnied 1o adentity the contradiction

Q
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inherent in the ‘motion toree’ being the
largest on a rocket which is stowing down.
This, therefore, is also a result which re-
quires more investigation.

Suminary

In this article, 1 have described the use of
microcomputers in addressing  students’
alternative conceptions of physical
phenomena by means of diagnostic and
remedial programs. The programs have
been designed in accord with a model of
conceptual change which implies that in-
struction should involve the dentfication
or diagnosis of students’ conceptions and
the lowering of the status or remediation of
these conceptions where they are alternative
to what is to be taught, in additon 10 the
raising of the status of the new content being
laught.

The programs were des’, aed 1o diagnose
and remediate alternative conceptions of
speed and foree. With respecet 10 speed the
results show that thisalternative conception
15 held by many students at frest vear uniser
sity fevel, and that the remedial program i
able to eftect dramatic changes to this atter-
native conception. With respectto toree, the
results shiow that the programs were able 1o
diaghiose a nomber of interrelated aspects ot
alternative congeptions of torce. Although
there i some evidence that student coneep-
tiens changed during the course ot the year,
1t 1s not yet possible to attnibute thas to the
remedial programs, both because ol then
prehnunary nature and becaase of the com-
plesity of the nonon ot foree in relabion to
the wide range ot situations m which it is ap-
plicable. In conclasion, | behieve that the
reseatch repaorted in this article s imiportaon
because 1t provides o valuahle addiion to
the current range ot insttuchional applica
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ttons of nncrocompuaters, and 1t
demonsirates the value of the conceptual
chamge model of learning in the design of
computer-tided instruction.

I wish 1o thank B, Dawson, E. Hallen-
dorlf and W Sinclair tor ssistance in the
development and use ot the progrims; and
the Richard Ward Endowment Fund and
the Human Sciences Research Couneil tor
financial support.
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